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KLJKHU DPRXQW RI DOXPLQD DV KLJK DV  WR  7KH KLJK DOXPLQD DQG VLOLFD SRVH VHULRXV
RSHUDWLRQDOSUREOHPVGXULQJVLQWHULQJDQGVXEVHTXHQWVPHOWLQJLQEODVWIXUQDFH+LJKDOXPLQDLQLURQ
RUHDQGVLQWHU OHDGV WRYLVFRXVVODJIRUPDWLRQGXULQJVPHOWLQJ WKDW LQ WXUQUHTXLUHVDKLJKFRNHUDWH
7KHUHLVDYDVWVFRSHRIWKLVZRUNLQ,QGLDDVWKHDOXPLQDDIIHFWVWKHTXDOLW\RIEODVWIXUQDFHEXUGHQLQD
YDULHW\ RI ZD\V ,W KDV DGYHUVH UROH RQ VLQWHU VWUHQJWK DQG GHJUDGHV UHGXFWLRQ SURSHUWLHV ,W FDXVHV
HQKDQFHG VODJYROXPHYLVFRXV VODJ IRUPDWLRQGHFUHDVH LQSURGXFWLYLW\ LQFUHDVH LQ IXHO UDWHV LQ WKH
EODVWIXUQDFHDQGKLJKHUHQHUJ\FRQVXPSWLRQ7KXVUHPRYDORIDOXPLQDDQGRWKHUGHOHWHULRXVHOHPHQWV
IURP LURQ RUHV OHDGV WR EHWWHU VLQWHU SURGXFWZLWK KLJKHU UHGXFLELOLW\ OHVVHU VODJ IRUPDWLRQ DQG IXHO
FRQVXPSWLRQ EHWWHU VODJ VHSDUDWLRQ ZKLFK XOWLPDWHO\ OHDGV WR KLJKHU FRVW HIILFLHQF\ KLJKHU EODVW
IXUQDFHSURGXFWLYLW\DQGEHWWHUTXDOLW\RIVWHHO7KXVEHQHILFLDWLQJWKH ORZJUDGHLURQRUHWRUHPRYH
WKHJDQJXHPLQHUDOVDQGHQKDQFLQJLWVJUDGHLVDSURVSHFWLYHSURSRVLWLRQWRGD\
,IRUHFRQWDLQVDSSUHFLDEOHDPRXQWRIVXOSKLGHPLQHUDOVWKHVHVKRXOGEHUHPRYHGE\IURWKIORWDWLRQ
SULRU WR JUDYLW\ FRQFHQWUDWLRQ -LJJLQJ LV ZLGHO\ XVHG IRU RUHV DQG PLQHUDOV ZKHUH IORWDWLRQ LV QRW
HIIHFWLYHDQGIRUWUHDWLQJODUJHYROXPHPDWHULDODQGIRUHFRQRPLFUHDVRQVZKHUHVLWXDWLRQGHWHFWVWKH
OHDVWH[SHQGLWXUHRIPRQH\-LJVDUHFKHDSWRRSHUDWHHDV\WRDVVHVVDQGLQVSHFWLRQEXWUHTXLUHPXFK
ZDWHU6LQFHWKHILQHVDUHQRWWUHDWDEOHLQMLJVWKH\GRQRWSURYLGHDFRPSOHWHVROXWLRQRIDQ\PLQHUDO
GUHVVLQJSUREOHP
([SHULPHQWDO
+HPDWLWH LV WKH SUHGRPLQDQW FRQVWLWXHQW RI WKH VDPSOH ZKLOH JRHWKLWHOLPRQLWH LV QRWLFHG LQ WKH
PLQRUDPRXQWV4XDUW]LVWKHPDLQJDQJXHPLQHUDOSUHVHQWLQSUHGRPLQDQWSURSRUWLRQ+HPDWLWHLVILQH
WR PHGLXP JUDLQHG DQG DUUDQJHG LQ EDQGV DOWHUQDWLQJ ZLWK WKRVH RI TXDUW] )LQH WR PHGLXP VL]HG
VFDWWHUHG JUDLQV RI KHPDWLWH DUH VHHQ DV LQFOXVLRQV 9HU\ ILQH FURZGHG LQFOXVLRQV RI KHPDWLWH DUH
JHQHUDOO\VHHQZLWKLQWKHJURXQGPDVVRITXDUW]DQGYLFHYHUVD4XDUW]LVYHU\ILQHWRPHGLXPJUDLQV
DQG RFFXUV DV LUUHJXODU SDWFKHV $W  PHVK VL]H DERXW  RI WKH TXDUW] JUDLQV DUH IUHH IURP
LQWHUORFNLQJ RI KHPDWLWH DQG UHPDLQLQJ DUH SUHVHQW HLWKHU DV LQFOXVLRQV LQ KHPDWLWH RU DV YHU\ ILQH
LQWHUORFNLQJZLWKKHPDWLWH
*UDYLW\PDJQHWLFVHSDUDWLRQDQGIORDWDWLRQDUHWKHRUHGUHVVLQJWHFKQLTXHVGHSOR\HGWRXSJUDGHWKH
VDPSOH0DJQHWLFVHSDUDWLRQGLGQRWSURGXFHDQ\HQFRXUDJLQJUHVXOWV
*UDYLW\VHSDUDWLRQ LH WDEOLQJRI WKHUHFHLYHGVDPSOHJURXQGWRPHVKIROORZHGE\UHJULQGLQJ
WKHWDEOHPLGGOLQJVWRDOOPHVKDQGVXEMHFWHGWRWDEOLQJSURGXFHGDFRPSRVLWHWDEOHFRQFHQWUDWH
DVVD\LQJ)H76L2ZLWKDQLURQUHFRYHU\RI:W\LHOGEHLQJ
5HYHUVH IORWDWLRQ RI TXDUW] DW D JULQG RI  PHVK HPSOR\LQJ FRFR DPLQH DFHWDWH DV FROOHFWRU
SURGXFHGDQRQIORDWIUDFWLRQDVVD\LQJ)H7ZLWKD)HUHFRYHU\RI:W\LHOG
7KHFRPSOH[LQWHUORFNLQJRITXDUW]ZLWKKHPDWLWHLHGRWWHGPDVVLQWHUPL[LQJXSWRYHU\ILQHVL]HRI
 PLFURQHV ILOOLQJ FUDFNV DQG ILVVXUHV LQ KHPDWLWH LV YHU\ GLIILFXOW WR OLEHUDWH ,Q DGGLWLRQ WKH
LQFOXVLRQ RI KHPDWLWH LQ TXDUW] DQG VRIW QDWXUH RI WKH KHPDWLWH DV FRPSDUHG WR TXDUW] SUHFOXGHG WKH
SURGXFWLRQRIKLJKJUDGHFRQFHQWUDWHZLWKKLJKUHFRYHU\
$ ORZJUDGH LURQ RUH VDPSOH RI .DUQDWDND UHJLRQ ZDV REWDLQHG IRU GHWDLO VWXGLHV 7KH UHFHLYHG
KHPDWLWH VDPSOHV ZHUH WKRURXJKO\ PL[HG DQG UHSUHVHQWDWLYH VDPSOH ZDV GUDZQ E\ FRQQLQJ DQG
TXDUWHULQJ PHWKRG IRU GLIIHUHQW FKDUDFWHUL]DWLRQ PLQHUDORJLFDO DQG EHQHILFLDWLRQ VWXGLHV 7KH VL]H
DQDO\VLVRIWKHUHSUHVHQWDWLYHVDPSOHZDVFDUULHGRXWE\ZHWVLHYLQJPHWKRG7KHFRPSOHWHFKHPLFDO
DQDO\VLV RI WKHEXON VDPSOH DQGGLIIHUHQW VL]H IUDFWLRQVREWDLQHG IURP WKH VL]H DQDO\VLV VWXGLHVZHUH
GHWHUPLQHGE\ZHWFKHPLFDODQG;5D\)ORUHVFHQFH7HFKQLTXH ;5)7KHFORVHG VL]H IUDFWLRQV IRU
H[SHULPHQWDOVWXGLHVZHUHSUHSDUHGE\VWDJHFUXVKLQJLQODERUDWRU\MDZDQGUROOFUXVKHU
0LQHUDORJLFDOVWXGLHV
,URQRUHVDPSOHVDUHKDUGPDVVLYHODPLQDWHGSRURXVELVFXLW\DQGSRZGHU\LQQDWXUH7KHPLQHUDOV
OLNHNDROLQLWHJLEEVLWHDQGILQHJUDLQHGJRHWKLWHRFKUHRXVHDUWKJRHWKLWHIUHTXHQWO\RFFXUDVVXUIDFH
FRDWLQJV RI WKH LURQ RUH OXPSV 2UH PLFURVFRSLF VWXGLHV LQGLFDWHG WKDW WKH KHPDWLWH JUDLQV DUH RI
GLIIHUHQW W\SHV YL] PLFURSODW\ ODF\ DQG YHUPLFXODU DQG VSHFXODU KHPDWLWH 7KH PDUWLWH JUDLQV DUH
HXKHGUDO DQG VXEKHGUDO LQ QDWXUH 7KH SUHFXUVRUPDJQHWLWH JUDLQV KDYH EHHQ FRPSOHWHO\ FKDQJHG WR
PDUWLWH7KHPDUWLWH JUDLQV KDYH DOVREHHQ UHFU\VWDOOLVHG WR JUDQXODU JUDLQV RI PLFURQ VL]H ,Q
PDQ\VDPSOHVPDUWLWHDQGPLFURSODW\KHPDWLWHJUDLQVPD[OHQJWKRIPIRUPGHQVHDJJUHJDWHV
ZLWK PLQRU DPRXQWV RI YRLGV  0DUWLWH JUDLQV DOVR RFFXU DV GLVVHPLQDWLRQ ZLWKLQ WKH GHQVH
PLFURSODW\ DJJUHJDWHV &RDUVH VSHFXODU KHPDWLWH JUDLQV RFFXU LQ WKH YRLGV 9LWUHRXV DQG RFKUHRXV
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JRHWKLWHVDUHDEXQGDQWLQPDQ\LURQRUHVDPSOHV*RHWKLWHILOOVXSWKHYRLGVDQGIUDFWXUHVSDUWLDOO\RU
FRPSOHWHO\ LQ LURQ RUHV 7KH VL]HV RI YRLGV YDU\ IURP IHZPLFURQV WR IHZPP DFURVV+HPDWLWH RI
YDU\LQJ VL]HV DQG VKDSHV RFFXU DV LQFOXVLRQVZLWKLQ WKH JRHWKLWH ,W RFFXUV DVPDVVLYHPDVV FUXVWV
FROORIRUPEDQGV DQG ILEURXVJUDLQV9LWURXV JRHWKLWH LV JUH\ WRGDUN JUH\ LQ FRORXURFKUHRXVHDUWK\
JRHWKLWHLVEODFNWRGDUNJUH\DQGFRPSRVHGRIXOWUDILQHFU\VWDOOLWHV7KHDOXPLQRXVPLQHUDOVNDROLQLWH
DQGJLEEVLWHDUHILQHJUDLQHGDQGRFFXULQLQWLPDWHDVVRFLDWLRQZLWKRFKUHRXVJRHWKLWH
5HVXOWVDQGFRQFOXVLRQV
4.1. Characterization of the ore 
0LQHUDORJ\ RI WKH RUH8VLQJ;5D\'LIIHUHQWLDO$QDO\VLV LWZDV IRXQG WKDW WKH LURQRUH VDPSOH
FRQVLVWHG RI JRHWKLWH KHPDWLWH TXDUW] FDOFLWH NDROLQ DQG IHOGVSDU 7KH PDMRU FRQVWLWXHQWV ZHUH
JRHWKLWHDVDQLURQPLQHUDODQGTXDUW]DVDJDQJXHPLQHUDODQGWKHUHVWZHUHPLQRUPLQHUDOV8QGHUWKH
RSWLFDOPLFURVFRSHLWZDVREVHUYHGWKDWWKHLURQPLQHUDOVDQGTXDUW]DUHILQHO\GLVVHPLQDWHG7KHRUH
H[LVWVLQWKHIRUPRIRROLWLFDQGSHVROLWLFWH[WXUH
/LEHUDWLRQ VWXG\7KHGHJUHHRI OLEHUDWLRQRI WKH LURQPLQHUDOVZDV VWXGLHGE\ WKHSRLQW FRXQWLQJ
WHFKQLTXH 3ROLVKHG VHFWLRQV RI WKH GLIIHUHQW VL]H IUDFWLRQV ZHUH SUHSDUHG DQG VWXGLHG XQGHU WKH
PLFURVFRSH LQ UHIOHFWHG OLJKW PRGH %RWK WKH IUHH SDUWLFOHV RI LURQ PLQHUDOV DQG WKH JUDLQV RI LURQ
PLQHUDOVORFNHGZLWKJDQJXHPLQHUDOVLQWKHPLFURVFRSHYLHZZHUHFRXQWHGDQGWKHSHUFHQWDJHRIIUHH
LURQPLQHUDOVJUDLQVUHODWLYHWRWKHVXPRIWKHWZRW\SHVRISDUWLFOHVZDVREVHUYHG
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